Abstract : Spatial information of snow cover and depth distribution is a key component for snowmelt runoff modeling. Wide snow cover areas can be extracted from NOAA AVHRR or Terra MODIS satellite images. In this study eight sets of annual snow cover data (1997)(1998)(1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006) in two mountainous watersheds (A: ChungjuDam and B: Soyanggang-Dam) were extracted using NOAA AVHRR images. The distribution of snow depth within the Snow Cover Area (SCA) was generated using snowfall data from ground meteorological observation stations. Snow depletion characteristics for the two watersheds were analyzed snow distribution time series data. The decreased pattern of SCA can be expressed as a logarithmic function; the determination coefficients were 0.62 and 0.68 for the A and B watersheds, respectively. The SCA decreased over 70% within 10 days from the time of maximum SCA. 
Introduction
Understanding the spatial information of snow cover by using just ground measured point data presents many limitations because of an insufficient number of data points and complex topographic characteristics. The extent of snow cover has been monitored globally from NOAA AVHRR since the early 1970s. Rango et al. (1983) stated that a spatial resolution of 1.1 km is sufficient to study if areas larger than 200-500 km 2 are targeted; however, an area 500-1000 km 2 or larger seems to provide better statistical data. Lucas et al. (1989) used a supervised multispectral classification to separate snow in AVHRR images by using channels 1, 3 and 4. Cracknel (1997) emphasized using AVHRR images to determine the extent of snow cover, recommending a threshold method in snow and cloud separation. Simpson et al. (1998) 
Materials and Methods

1) The Study Watersheds
Two mountainous 
2) Snow cover and depth distribution from NOAA AVHRR
The NOAA satellite was developed for meteorological observations. This satellite has a AVHRR sensor with five channels ranging from 0.58 μm to 12.5 μm.
Temporal resolution of this satellite is 16 cycles per day; spatial resolution of the image is 1.1 km by 1.1 km. In this study, eight sets (1997-1998, 1999-2000, 2000-2001, 2001-2002, 2002-2003, 2003-2004, 2004-2005, and 2005-2006) of AVHRR images during the snowfall period (December to April) were obtained from the Korea Meteorological Administration (KMA, http://www.kma.go.kr) and used to extract snow cover area information of the watershed.
Several algorithms have been developed for snow monitoring from optical sensors including the multispectral thresholds classification method (Allen et al., 1990; Gesell, 1989; Kazama, 1995; Liu et al., 1999; Romanov et al., 2000) .
In this study the Kazama method was adopted. The extraction procedure of a snow cover area from an image is as follows. First, the images were geo-rectified 
Results and Discussion
1) Snow Cover Area (SCA) extraction
Following the extraction procedure of a snow cover area with the NOAA AVHRR images, the snow cover area was extracted for the two watersheds. A total of 108 images were selected. 
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The channel threshold values of each image varied considerably. The threshold value of channel 4 showed the largest deviation ranging from -20 to 30. The threshold value of channels 1 and 3 showed deviation ranging from 2 and -15 to 25 and 25, respectively. This means that the low and high cloud removal from snow are more sensitive than the snow free area removal from snow including the cloud area. Fig. 3 and 4 show the summary of eight sets of extracted snow cover areas for the A and B watersheds. Snow cover of these watersheds usually lasted from January to March, almost disappearing in April.
2) Generated snow depth distributions using ground measured snowfall data Snow depth distributions for the extracted snow cover area were generated using 11 ground measured snowfall data for the two watersheds by applying the IDW interpolation method. Fig. 5 and 6 show the sample of generated snow depth distribution in the 1997-1998 set (A: Chungju-dam watershed, B:
Soyanggang-dam watershed).
As shown in Fig. 5 and 6, the snowfall of each watershed covered the north and northeast of the A watershed and the south and southeast of the B watershed. During the snow depletion periods, the snow cover was maintained at the right part of mountain. These are have high elevation areas with the land cover being forest, especially coniferous.
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3) Derivation of the snow depletion curve
Through using the data for the entire eight sets, snow depletion curves for the two watersheds were derived plotting the ratio of the snow cover area as the vertical axis and the number of days after of the maximum snow cover area as the horizontal axis. Fig. 7 shows the data sets used for the derivation of the snow depletion curve for each watershed; Table 3 and Fig. 8 show the derived results.
The snow depletion curve can be expressed as a logarithmic decay function with the determination of coefficients of 0.62 and 0.68 for A and B watersheds respectively. The snow cover was depleted by 11 days to less than 5% from the maximum snow cover of 100%. The snowmelt of a watershed is affected by diverse factors such as solar radiation, temperature, wind speed, slope aspect and elevation. This kind of depletion curve is necessary for snowmelt modeling.
Many hydrological models require the snow depletion y: the ratio of snow cover area, x: the number of days after the maximum snow cover area curve for snowmelt simulation as a model parameter.
4) Temperature lapse rate
Most snowmelt runoff models handle spatial and temporal variations resulting from elevation by incorporating elevation zones (Rango and Martinec, 1979) . Elevation strongly influences both snow accumulation and melting in mountainous watersheds (Pomeroy and Burn, 2001) . To accurately represent temperature throughout an elevationally diverse subbasin, the temperature lapse rate was applied to each elevation zone (Martinec and Rango, 1986; Hartman et al., 1999) . Atmospheric temperatures within the troposphere generally decrease with elevation. Using 30 years of temperature data from 10 meteorological stations, the monthly temperature lapse rates were estimated at -7.8℃/km~-3.1℃/km for the A watershed and -7.6℃/km~-5.9℃/km for B the watershed respectively (Fig. 9) .
Conclusion
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